The phase equivalence of the theoretical quark mixing matrix V th derived from the breaking of the flavour permutational symmetry and the phenomenological parametrizations V P DG and V KM is explicitly exhibited. From here, we derive exact explicit expressions for the three mixing angles and the CP violating phase of the two phenomenological parametrizations in terms of the quark mass ratios 12.15. Ff, 11.30.Er, 11.30.Hv, 12.15.Hh 
I. INTRODUCTION
In this paper we review some previous work [1] - [2] and give some new results on the functional relations between quark masses and quark mixing angles and CP-violating phases occurring in the phenomenological parametrizations of the quark mixing matrix. These functional relations result from the equivalence under a rephasing of the quark fields of the phenomenological parametrizations and the parametrization derived from the breaking of the flavour permutational symmetry.
In the Standard Electroweak theory of particle interactions, quark flavour mixing is described by means of a unitary mixing matrix V. The measurables of this matrix, which are invariant under a rephasing of the quark fields, are the moduli of its elements, i. e., the quantities |V ij |. In the case of three families, unitarity of V constrains the number of independent moduli to four. In consequence, phenomenological parametrizations of the quark mixing matrix expressed in terms of four parameters were introduced without taking the possible functional relations between the quark masses and the flavour mixing parameters into account. Kobayashi and Maskawa [3] originally chose as independent parameters three rotation angles and one CP-violating phase. A number of parametrizations of this kind, different from the original Kobayashi-Maskawa form have been proposed [4] , one of the most commonly used is the "standard" parametrization [5] advocated by the Particle Data Group [6] . From a mathematical point of view, two different parametrizations of the 3 ×3 unitary, quark mixing matrix containing four suitably defined, independent parameters are equivalent if the moduli of corresponding entries are equal. In such scheme, both, the masses of the quarks as well as the mixing angles and the CP-violating phase occur in the theory as free, independent parameters.
In contrast, the elements of the quark mixing matrix V th , derived in two previous papers from a simple ansatz on the breaking of the flavour permutational symmetry [1] - [2] , are explicit functions of the four quark mass ratios m u /m t , m c /m t , m d /m b , m s /m b , and only two, free, linearly independent parameters, namely, the symmetry breaking parameter Z 1/2 and the CP-violating phase Φ. The numerical values of Z 1/2 and Φ which characterize the preferred symmetry breaking pattern are extracted from a χ 2 fit of the theoretical expressions |V th ij | to the experimentally determined values of the moduli of the elements of the mixing matrix |V exp ij |. It is remarkable that the quality of the best fit of V th to the experimental data is as good as the quality of the fit of the phenomenological parametrizations V P DG or V KM to the same data. More precisely, when the best set of parameters of each parametrization is used, the moduli of corresponding entries in V th and V P DG or V KM are numerically equal and give an equally good representation of the experimentally determined values of the moduli of the mixing matrix |V even though V th has only two free, real linearly independent adjustable parameters, while the number of adjustable parameters in V P DG or V KM is four.
In what follows, it will be shown that by means of suitable rephasing of the quark fields V th may be changed into new, phase transformed formsṼ th orV th such that all their matrix elements are numerically equal to the corresponding entries in V P DG or V KM , both in modulus and phase. Once this equality is established, we derive exact explicit analitycal expressions for the mixing angles and the CP-violating phase of the two phenomenological parametrizations V P DG and V KM , in terms of the quark mass ratios m u /m t , m c /m t , m d /m b , m s /m b , the flavour symmetry breaking parameter Z 1/2 and the CP-violating phase Φ. The plan of this paper is as follows: In Sec. II, we introduce some basic concepts and fix the notation by way of a very brief sketch of the group theoretical derivation of mass matrices with a modified Fritzsch texture. Sect. III is devoted to the derivation of exact, explicit expressions for the elements of the mixing matrix V th ij in terms of the quark mass ratios and the parameters Z 1/2 and Φ characterizing the symmetry breaking pattern. In Sec. IV, the phase equivalence of V th and the phenomenological parametrrization V P DG and V KM is established. The equations that define the rephasing transformation connecting V th and V P DG are solved in Sec. V. Sections VI and VII are devoted to the derivation of explicit expressions for the mixing parameters sin θ 12 , sin θ 23 , sin θ 13 and the CP violating phase δ 13 of V P DG as funtions of the quark mass ratios and the parameters Z 1/2 and Φ. In Sec. VIII, the equations that define the rephasing transformation relating V th and V KM are solved. Explicit expressions for the mixing parameters sin θ 1 , sin θ 2 , sin θ 3 and the CP violating phase δ KM of V KM as funtions of the quark mass ratios and the symmetry breaking parameters are obtained in Sec. IX and X. Our paper ends in Sec. XI with a summary of results and some conclusions.
II. MASS MATRICES FROM THE BREAKING OF
In the Standard Model, analogous fermions in different generations, say u, c and t or d , s and b, have completely identical couplings to all gauge bosons of the strong, weak and electromagnetic interactions. Prior to the introduction of the Higgs boson and mass terms, the Lagrangian is chiral and invariant with respect to any permutation of the left and right quark fields. The introduction of a Higgs boson and the Yukawa couplings give mass to the quarks and leptons when the gauge symmetry is spontaneously broken. The quark mass term in the Lagrangian, obtained by taking the vacuum expectation value of the Higgs field in the quark Higgs coupling, gives rise to quark mass matrices M d and M u ,
A. Modified Fritzsch texture
A number of authors [1] - [2] , [ [7] - [25] ] have pointed out that realistic quark mass matrices result from the flavour permutational symmetry S L (3)⊗S R (3) and its spontaneous or explicit breaking. The group S(3) treats three objects symmetrically, while the hierarchical nature of the mass matrices is a consequence of the representation structure 1 ⊕ 2 of S(3), which treats the generations differently. Under exact S L (3) ⊗ S R (3) symmetry, the mass spectrum for either up or down quark sectors consists of one massive particle in a singlet irreducible representation and a pair of massless particles in a doublet irreducible representation, the corresponding quark mass matrix with the exact S L (3) ⊗ S R (3) symmetry will be denoted by M 3q . In order to generate masses for the first and second families, we add the terms M 2q and M 1q to M 3q . The term M 2q breaks the permutational symmetry S L (3) ⊗ S R (3) down to S L (2) ⊗ S R (2) and mixes the singlet and doublet representation of S(3). M 1q transforms as the mixed symmetry term in the doublet complex tensorial representation of
. Putting the first family in a complex representation will allow us to have a CP violating phase in the mixing matrix. Then, in a symmetry adapted basis , M q takes the form
From the strong hierarchy in the masses of the quark families, m 3q >> m 2q > m 1q , we expect 1 − δ q to be very close to unity. The entries in the mass matrix may be readily expressed in terms of the mass eigenvalues (m 1q , −m 2q , m 3q ) and the small parameter δ q . Computing the invariants of M q , trM q , trM q 2 and detM q , we get
If each possible symmetry breaking pattern is now characterized by the ratio
the small parameter δ q is obtained as the solution of the cubic equation
which vanishes when Z q vanishes. An exact explicit expression for δ q as function of the quark mass ratios and Z q is given in [1] . An approximate solution to Eq. (2.7) for δ q (Z q ), valid for small values of Z q (Z q ≤ 10), is
B. Symmetry breaking pattern
In the symmetry adapted basis, the matrix M 2q , written in term of Z 1/2 q , takes the form
when Z 1/2 q vanishes, M 2q is diagonal and there is no mixing of singlet and doublet representations of S(3). Therefore, in the symmetry adapted basis, the parameter Z 1/2 q is a measure of the amount of mixing of singlet and doublet irreducible representations of
We may easily give a meaning to Z 1/2 q in terms of permutations. From Eqs. (2.1) and (2.9), we notice that the symmetry breaking term in the Yukawa Lagrangian,q L M 2R is a functional of only two fields:
. Under the permutation of these fields,q L M 2R splits into the sum of an antisymmetric term q L M A 2R which changes sign, and a symmetric termq L M S 2R , which remains invariant,
) and b = (δ q − △ q )(
. It is evident that there is a corresponding decomposition of the mixing parameter Z 
C. The Jarlskog invariant
The Jarlskog invariant, J, may be computed directly from the commutator of the mass matrices [26] 
where
Substitution of the expression (2.3) for M u and M d , in Eq. (2.13), with Z
where △ q and δ q are defined in Eqs. (2.4) and (2.7). In this, way, an exact closed expression for J in terms of the quark mass ratios, the CP violating phase Φ, and the parameter Z that characterizes the symmetry breaking pattern is derived.
III. THE MIXING MATRIX
The Hermitian mass matrix M q may be written in terms of a real symmetric matrixM q and a diagonal matrix of phases P q as follows
The real symmetric matrixM q may be brought to a diagonal form by means of an orthogonal transformationM
with subscripts 1, 2, 3 refering to u, c, t in the u-type sector and d, s, b in the d-type sector. After diagonalization of the mass matrices M q , one obtains the mixing matrix V th as
where P u−d is the diagonal matrix of relative phases
and
The orthogonal matrix O q is given by
8)
10)
In these expressions, δ u and δ d are, in principle, functions of the quark mass ratios and the parameters Z respectively. However, in [1] we found that keeping Z as free, independent parameters gives rise to a continuous ambiguity in the fitting of |V th ij | to the experimental data. To avoid this ambiguity we further assumed that the up and down mass matrices are generated following the same symmetry breaking pattern, that is,
Then, from Eqs. (3.4) -(3.12) all matrix elements in V th may be written in terms of four quark mass ratios and only two free, real parameters: the parameter Z 1/2 which characterizes the symmetry breaking pattern in the u-and d-sectors and the CP violating phase Φ. The computation of V th ij is quite straightforward. Here, we will give, in explicit form, only those elements of V th which will be of use later. From Eqs. (3.4)-(3.12) we obtain,
A. The "best" symmetry breaking pattern
In order to find the actual pattern of S L (3) ⊗ S R (3) symmetry breaking realized in nature,we made a χ 2 fit of the exact expressions for the moduli of the entries in the mixing matrix, |V th ij |, the Jarlskog invariant, J th , and the three inner angles of the unitarity triangle, α th , β th and γ th , to the experimentally determined values of |V exp ij |, J exp , α exp , β exp and γ exp . A detailed account of the fitting procedure is given in [1] . Here, we will give only a brief relation of the main points in the fitting procedure. For the purpose of calculating quark mass ratios and computing the mixing matrix, it is convenient to give all quark masses as running masses at some common energy scale [27] , [28] . In the present calculation, following Peccei [27] , Fritzsch [29] and the Ba-Bar book [30] , we used the values of the running quark masses evaluated at µ = m t . [32] and Ynduráin [33] . The value of m s agrees with the latest determination made by the ALEPH collaboration from a study of τ decays involving kaons [34] . 
but we took the valuem u = 0.000036, (3.19) which is close to its upper bound. We found the following best values for Φ and
corresponding to a value of χ 2 ≤ 0.32. The values of the parameters δ u (Z) and δ d (Z) obtained from (3.18), (3.19) and (3.20) are
Before proceeding to give the numerical results for the mixing matrix V th , it will be convenient to stress the following points: , and α th , β th and γ th , to the experimentally determined quantities was obtained when the ratiom u = m u /m t is taken close to its upper bound, as given in (3.19) . Furthermore, the chosen high value ofm u gives for the ratio |V ub /V cb | the value
in very good agreement with its latest world average [ [35] , [36] , [37] ].
2. As the energy scale changes, say from µ = m t to µ = 1 GeV , the running quark masses change appreciably, but since the masses of light and heavy quarks increase almost in the same proportion, the resulting dependence of the quark mass ratios on the energy scale is very weak. When the energy scale changes from µ = m t to µ = 1 GeV ,m u andm d decrease by about 25% andm c andm s also decrease but by less than 16%.
3. In view of the previous considerations, a reasonable range of values for the running quark mass ratios, evaluated at µ = m t = 171 GeV , would be as follows • mixing system [30] .
For the inner angles of the unitarity triangle, we found the following central values:
An estimation of the range of values of the three inner angles of the unitarity triangle, compatible with the experimental information on the absolute values of the matrix elements V exp , is given by Mele [35] and Ali [36] . According to this authors, 75
• ≤ β ≤ 34
• , and 38
• . We see that the central value of β obtained in this work is close to the lower limit according to Mele [35] , while γ is close to the upper limit given by Mele [35] and α is in the allowed range given by these authors.
IV. PHASE EQUIVALENCE OF V T H AND THE PHENOMENOLOGICAL PARAMETRIZATIONS V P DG AND V KM
In the mass basis, the quark charged currents take the form
A redefinition of the phases of the quark fields which leaves J µ c invariant, will change the arguments of V ij but leave the moduli |V ij | invariant,
Hence, the invariant measurables of the quark mixing matrix are the moduli of its elements, i.e., the quantities |V ij |, and the Jarlskog invariant J. But even J up to a sign is a function of the moduli [26] . In the case of three families, unitarity of V constrains the number of independent moduli to four [26] . In consequence, in the current literature, V, is usually parametrized in terms of four independent parameters. Kobayashi and Maskawa [3] originally chose as independent parameters three rotation angles and one CP-violating phase. A number of parametrizations of this kind, different from the original Kobayashi-Maskawa form have been proposed [4] . One of the most commonly used is the "standard" parametrization [5] advocated by the Particle Data Book [6] . From a mathematical point of view, all parametrizations of the flavour mixing matrix containing four, suitably defined, independent parameters are equivalent. In contrast, the parametrization V th , derived in the previous sections from the breaking of the flavour permutational symmetry, has only two free, linearly independent parameters, namely, the symmetry breaking parameter Z 1/2 and the CP-violating phase Φ. When the best values of the parameters Z 1/2 and Φ are used, the mixing matrix V th reproduces the central values of all experimentally determined quantities, that is, the moduli |V exp ij |, the Jarlskog invariant J exp and the three inner angles, α, β and γ of the unitarity triangle. The quality of the fit of V th to the experimental data is as good as the quality of the fit of the phenomenological parametrizations V PDG and V KM to the same data. More precisely, when the best set of adjustable parameters of each parametrization V th , V PDG and V KM , obtained from a χ 2 fit to the same experimental data, the moduli of corresponding entries in the matrices V th , V PDG and V KM , are numerically equal and give an equally good representation of the experimentally determined values |V exp ij |. From this observation, it follows that the symmetry derived V th and the phenomenological parametrizations V PDG and V KM should be equivalent up to a rephasing of the quark fields in the mass representation. In the following, we will show that it is possible to derive new theoretical mixing matricesṼ th andV th , related to V th by biunitary rephasing transformations, and such that all corresponding entries inṼ th and V PDG orV th and V KM are equal in modulus and phase. From here, we will obtain exact, explicit expressions for the three mixing angles and the CP-violating phase ocurring in V PDG and V KM as functions of the quark mass ratios and the parameters Z * 1/2 and Φ * characterizing the preferred symmetry breaking pattern.
V. PHASE EQUIVALENCE OF V T H AND V P DG
The standard parametrization [5] of the mixing matrix recomended by the Particle Data Group [6] is written in terms of three mixing angles θ 12 , θ 23 , θ 13 and one CP violating phase δ 13 , c 13 is known to deviate from unity only in the sixth decimal place [ [6] , [38] ].
The CP violating phase δ 13 , at present, is not constrained by direct measurements. However, the measurements of CP violation in K decays [39] force δ 13 to lie in the range 0 ≤ δ 13 ≤ π.
The standard parametrization V P DG was introduced without taking the possible functional relations between the quark masses and the flavour mixing parameters into account. In contrast, these functional relations are explicitly exhibited in the theoretical expressions, V th ij , derived in the previous sections. Furthermore, we have seen that, when the best values of the parameters Z 1/2 and Φ are used, the mixing matrix V th reproduces the central values of all experimentally determined quantities, that is, the moduli |V exp. ij |, the Jarlskog invariant J exp. and the three inner angles, α, β and γ, of the unitarity triangle [1] . Since the two parametrizations reproduce the same set of experimental data equally well, we are justified in writing
We cannot simply equate V th and V P DG because the arguments of corresponding matrix elements in the two parametrizations are not equal arg(V The set of Eqs. (5.13) relate the differences of the unobservable quark field phases to the differences of the arguments of corresponding entries in V th and V P DG . We notice that the set of Eqs. (5.13) is overdetermined. In the left hand side of Eqs. (5.13) there are nine differences of unobsevable quark field phases formed from only six different unknown quark field phases. Since only differences of phases may be determined, the phases themselves are defined only up to an additive constant which may be fixed by giving the value of one of the unknown quark phases. Therefore, in Eqs. 14) in this expression X u and X d are the diagonal unitary matrices of phases ocurring in Eq. (4.2). The determinant of V P DG is one, hence,
Similarly, from the definition of V th , Eq. (3.4), we get 
This phase relation guarantees the equality of the determinants ofṼ th and V P DG . The sum of the unobservable quark field phases ocurring in the left hand side of Eq. (5.18) may be computed from Eqs. (5.13), 
This, relation shows that arg(V
P DG 22
) is uniquely determined (mod 2π) in terms of the arguments of the entries in V th . A set of consistency conditions for the solution of Eqs. (5.13) may be derived in a similar way by elimination of the quark field phases. From Eqs. (5.13), differences of phases of the same quark field type, say χ and the difference χ Using the same elimination procedure for all possible combinations χ
we derive a set of nine equations, only four of which are linearly independent. One of these is Eq. (5.23) , for the other three we may take Then, the diagonal matrices of phases required to compute the phase transformedṼ th are 
is satisfied as an identity, provided that |V
VI. THE MIXING ANGLES OF THE STANDARD PARAMETRIZATION V P DG
The standard parametrization V , we get
The computation of sin θ 23 is slightly more involved. From Eq. 
The computed values for sin θ 12 , sin θ 23 and sin θ 13 corresponding to the best χ 2 fit of |V The numerical value of cosθ * 13 deviates from unity in the sixth decimal place.
We notice that the numerical values of the mixing angles computed from quark masses and the best values of the symmetry breaking parameters coincide almost exactly with the central values of the experimentally determined quantities, as could be expected from Eq. (6.1). This observation is interesting because, in the case of three families, the most general form of the mixing matrix has at most four free, independent parameters [26] which could be four independent moduli or three mixing angles and one phase as occurs in V P DG . The symmetry derived V th has only two free, real independent parameters. In spite of that, the quality of the fit of V th to the experimental data is as good as the quality of the fit of V P DG to the same data. The predictive power of V th implied by this fact originates in the flavour permutational symmetry of the Standard Model and the assumed symmetry breaking pattern from which the texture in the quark mass matrices and V th were derived.
VII. THE CP VIOLATING PHASE δ 13
The CP violating phase δ 13 of the standard parametrization V P DG of the quark mixing matrix is given in Eq. This predicted value of δ 13 is very close to the numerical value of the third inner angle γ, of the unitarity triangle. The difference may readily be computed in terms of the arguments w th ij . From the expression for γ This is, indeed, a very small number, and justifies the approximation
According to this, the value of |γ| computed from quark mass ratios and the best values of the parameters Z * 1/2 and Φ * is |γ| = 73.2
• , in agreement with the bounds extracted from the precise measurements of the B 0 d oscillation frequency [35] and the measurements of the rates of the exclusive hadronic decays B ± → πK and the CP averaged B ± → π ± π 0 [40] . Exact explicit expressions for the CP violating phase δ 13 in terms of the four quark mass ratios and the parameters Z * 1/2 and Φ * may readily be found; such an expression could be derived from Eq. (5.27) in terms of the arguments of five matrix elements of V th . However, a simpler expression, involving only four matrix elements of V th may be obtained from the Jarlskog invariant J.
The Jarlskog invariant may be written in terms of four matrix elements of V as
Since J is an invariant, its value is independent of the particular parametrization of V. If we write the right hand side of Eq. (7.7) in terms of the standard parametrization V P DG , we obtain sin δ 13 and Φ * = π/2, we get
12)
14)
Computing the second factor in square brackets in the leading order of magnitude, we get
w th. The modulus |V th ub | has already been expressed in terms of quark mass ratios and the parameters characterizing the symmetry breaking pattern Z * 1/2 and Φ * , in Eqs. (6.2) and (6.3). Similar expressions for the other moduli ocurring in Eq. (7.11) may also be given
, (7.20)
Computing in the leading order of magnitude, the first factor in the right hand side of Eq. (7.11) gives The quark mixing matrix was parametrized by Kobayashi and Maskawa [3] in terms of the three mixing angles, θ 1 , θ 2 , and θ 3 , and one CP violating phase δ 13
where c i = cos θ i and s i = sin θ i .
It is readily verified that
As discussed in section IV, the parametrization V th derived from the breaking of the flavour symmetry and the Kobayashi-Maskawa parametrization V KM , give an equally good representation of the values of the moduli |V exp ij | of the mixing matrix even if V th has only two free, linearly independent parameters. Hence, the two parametrizations are equivalent up to a rephasing of the quark fields. Therefore, we may define a phase transformedV th , such that all entries inV th ij are numerically equal to the corresponding entries in V KM ij both in modulus and phase,V
The diagonal matrices The CP violating phase δ KM is implicitly determined by the equations (8.8 -8.13 ). An explicit expression for δ KM in terms of the arguments w th ij of V th ij may be obtained from the identity
Substitution of (8.2) and (9.2) in (9.1) gives The value of the inner angle α of the unitarity triangle found in our χ 2 fit of V th to the experimentally determined values of the moduli |V exp ij | is α = 83.6
• .
Therefore, within the acuracy of our best fit to the experimental data
This is only an approximation, to derive an exact relation we compute α from Hence,
which shows that (9.8) is an excellent approximation to the numerical value of δ KM . In passing, we notice that
is an exact result. Once it is established that when the best set of parameters of each parametrization, V KM (θ 1 , θ 2 , θ 3 , δ KM ) and V th (m i , Z 1/2 , Φ) is used, the moduli of corresponding entries in the two parametrizations are numerically equal, we may identify corresponding entries and solve for the mixing angles θ 1 , θ 2 and θ 3 in terms of the quark mass ratios and the parameters Φ and Z.
From the identification
we obtain
The angle θ 2 is obtained from the identification 
Computing in the leading order, we obtain where V th ub is given in Eq. (3.14) and sin θ 1 is given in Eq. (10.5) . Computing in the leading order of magnitude, we find,
The exact values computed for sin θ 1 , sin θ 2 and sin θ 3 corresponding to the best fit of V which together with the numerical value of the CP-violating phase δ KM found in the previous section, δ KM = 96.4
• , gives the best set of values of mixing parameters in the Kobayashi-Maskawa parametrization of the mixing matrix corresponding to the best set of parameters Φ * = 90
• and Z * 1/2 = 81/32 of the flavour symmetry breaking derived parametrization V th of the mixing matrix. As expected, from the way they were obtained, the numerical values of the moduli |V in excellent agrement with J exp .
XI. SUMMARY AND CONCLUSIONS
In the Standard Electroweak model of particle interactions, both, the masses of the quarks as well as the mixing parameters and the CP-violating phase appear as free independent parameters. In consequence, phenomenological parametrizations of the quark mixing matrix were introduced without taking the possible functional relations between the quark masses and the flavour mixing parameters into account. These functional relations are explicitly exhibited in the theoretical quark mixing matrix V th derived from the breaking of the flavour permutational symmetry in previous works [1] , [2] and reviewed in sections II and III of this paper.
In this work, we explicitly exhibit the phase equivalence of the theoretical mixing matrix, V th , and two phenomenological parametrizations: the original Kobayashi-Maskawa [3] , V KM , and the standard parametrization V P DG advocated by the Particle Data Group [5] , [6] , which are written in terms of three mixing angles and one CP-violating phase. The equality of the moduli of corresponding entries in V th and V KM or V P DG allowed us to derive, exact, explicit expressions for the mixing angles and the CP-violating phase of the two phenomenological parametrizations as functions of four quark mass ratios m u /m t , m c /m t , m d /m b , m s /m b , and the flavour symmetry breaking parameters: Z 1/2 and Φ.
The numerical values of the mixing parameters of the PDG advocated standard parametrization sin θ * 12 , sin θ * 23 , sin θ * 13 computed from the quark mass ratios and the best values of the parameters Z * 1/2 and Φ * , coincide almost exactly with the central values of the same mixing parameters determined from a fit to the experimental data [38] , as could be expected from the phase equivalence of V th and V P DG , and the good agreement of |V [35] and the measurements of the rates of the exclusive hadronic decays B ± → πK [40] . The numerical values of the CP-violating phase δ KM of the KobayashiMaskawa parametrization computed from quark mass ratios and the best values of Z 1/2 and Φ is δ * KM = 96.4
• . It may be worth to remark that δ KM is not a small number as it is sometimes assumed [41] - [42] .
In conclusion, the three mixing angles and the CP-violating phase which appear in the phenomenological parametrization of the quark mixing matrix as free, linearly independent parameters are expressed in this work as functions of four quark mass ratios and two flavours symmetry breaking parameters Z 1/2 and Φ. The numerical values of the mixing angles and CP-violating phase computed from quark mass ratios and the best values of the symmetry breaking parameters Z * 1/2 = 81/32 and Φ * = 90
• coincide almost exactly with the central values of the same mixing parameters determined from a fit to the experimental data. The predictive power of the theoretical quark mixing matrix V th implied by this fact has its origin in the flavour permutational symmetry of the Standard Model and the assumed symmetry breaking pattern from which the texture in the quark mass matrices and the quark mixing matrix V th were derived.
